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+（中島 & 小倉, 2008）h_hWxu_XoDDTG !-]e_
g_]e!-HCH6ʋ̞#ML/8˵ͪFƲ΍Ȼƌ+E6Ƴͻľƾ
#M+（松中, 2002）B+"Ɯŀ29U_iqr_6ILã͹Èɖ͜J3











˰6 2,4-D ̲àƠĿ8ːșJ8̲ΉvʌöIK̈́Ǝ#M（Audus, 1950）1977
˰69ˈʑȻivȕ6 2,4-D ̲à®ˈƸɿƣ&L!3ǼE1̈́Ǝ#M+
（Pemberton & Fisher, 1977）!8̈́Ǝ9̘ɂ̱6IL̲à®ˈƸ8òˡ6ˈʑȻ
 2 
ivĉO.1L!3Pǎ&şĨ3$1ʌʮ͢#M+)8ų̯ȷ8ý2ˈʑ
Ȼivȕ6 2,4-D̲à®ˈƸó˭#M+（Bhat et al., 1994; Chaudhry & Huang, 
1988; Don & Pemberton, 1981; Mae et al., 1993）Żėˁ5 2,4-D8Āɜ̲à696/8
®ˈƸ̛ͽ3#ML（Perkins et al., 1990）)8ɜ18®ˈƸ®ˈƸŉ3$1i
v8³[ǽ6ɿƣ&L!3̯ȷ8iv2͜J6#M1L（Hoffmann et al., 
2003; Leveau et al., 1999; Trefault et al., 2004; Vedler et al., 2004）2,4-D̲àĿGʂ8͈
ƋɼÇɡÑƍ̱8̲à®ˈƸŉ38̓õàɈJƜǼ9̲M1ɿƣ$1+®ˈƸ
Ď(ǬB.1Ũƣ8 2,4-D ̲à®ˈƸŉōȼ#M+3ƆJM1L（Fulthorpe et al., 










ƍˈʑȻuinIntegrative and conjugative elemetns, ICEs3Ɍƍˈʑ¸
Ƹʌ5ͨùPÙ+$1L3ƆJML!MB26͸	5ͮĕ̱8̲àĿĄıIK
̲Ή#MàɈȬEJM+̲à®ˈƸŉ9uin3$1Ɍƍˈʑ¸Ƹȕ6š
ǲ#MLȘƍʃ（Nojiri et al., 2004; Ogawa et al., 2004）I.1ȧ+5Ñƍ̱P̲à
&L̲à®ˈƸŉ9uin3Ɍƍˈʑ¸Ƹɤͅ8˜2Ƅʦ#M1+3ƆJ
M1L2,4-D ̲àĿF)8Λç295̲à®ˈƸŉPuim3$1ˈʑȻ
ivȕ6́ͮ&Lý̯ȷšǲ#M1L（Kim et al., 2013; Trefault et al., 2004; 




 2,4-D̲àĿ9ȹäíʠ2̲Ή#M!MB26 100ý£ȕ˵ƅʠːș̗ ˵ƅʠːș
ʢGȴ΢˕8ȴőĤ;ûȻÈʿIKʔΉ#M1L（Amy et al., 1985; Don & Pemberton, 
1981; Han et al., 2014; Huong et al., 2007; Itoh et al., 2000; Ka et al., 1994; Kamagata et 
al., 1997; Lee et al., 2005; Macur et al., 2007; Maltseva et al., 1996; Park & Ka, 2003; 
Tonso et al., 1995; Zabaloy & Gomez, 2014）ʫ2F Cupriavidus pinatuboensis JMP134
ý£ə9 Alcaligenes eutrophusRalstonia eutrophaĤ; Cupriavidus necator（Don 
& Pemberton, 1981）9ʋ̞ˁ5 2,4-D̲àĿ2!8ýPͻ1ȷʃ8şĨȼ#M
1+JMP134ý9̲à®ˈƸPǰǞ̏¦žˈʑ̢ˏƌ IncP-1ivȕ
6Ǌ/)8ų̯ȷ8ý2̲à®ˈƸ IncP-1 ivȕ6šǲ#M+（Kim et al., 
2013; Poh et al., 2002; Vedler et al., 2004）Õ12,4-D̲à IncP-1ivːșʫ
2ƌ̢ˏ6ˈ˷&L!3ǗŢˁ6ǎ#M+（DiGiovanni et al., 1996; Top et al., 1996）
!MJ8ŘÙIKIncP-1 iv92,4-D ̲à®ˈƸ8ˈ˷6ǯͽ5ͨùPʕ.1
L3ƆJM1L)8³ͅ2íʠ2̲Ή#M+̲àĿ8³̪9JMP134 ý3ª5L
̲à®ˈƸŉṔͮ$（Fulthorpe et al., 1995; Ka et al., 1994; Kitagawa et al., 2002; Tonso 
et al., 1995）90 kbəų8 IncP-1ivIKʌŌ8ivȕ6̲à®ˈƸP̈́Ǝ
&L!3̈́Ǝ#M1L（Cavalca et al., 1999; Vallaeys et al., 1998）$$!MJ8
iv8ˈʑȻ9͜J6#M15 
 ˫͏291950˰ʋų̊JȴˉȂɮƢ3$1 2,4-DʌΖ6Ƴͻ#M+Fig. 1$
$͏ƢƲ΍$1ÈɖP¹Ĝ!$+38̈́Ǝ95³̍ˁ6ȷǫĈ2̲à&L（農薬






















Fig. 1 Domestic shipment of 2,4-D granules in Japan. Data were collected from pesticide 


















































 ʍ³Ȑ29˫͏íʠ8ȴˉIK 2,4-D ̲àĿP̲Ή&L3İ6)M*M8Ŀ8́ͮ&
L̲à®ˈƸ8oUPʳ?+̲Ή$+ 14 ý9ȹäíʠ2šǲ#M1+ʋ̞ˁ5 3
`
8̲à®ˈƸṔͮ&L!3͜J65.+ 





























2,4-D Àʅ˿ʠ6Ɍǡ$1˿ʠʫ8 2,4-D 8ȋǔ˭EJM+ýP 2,4-D ̲àĿ3$+
íːș6/ 1Jȷýƍŕ 14ý8 2,4-D̲àĿPǟˡ$+!MJ8Ŀ8ɻ&L̘ɂ̱
`
3́ ͮ&L̲à®ˈƸ8ǡΚP͜J6&L+E)M*M8̘ɂ̱8 16S rDNA
Ĥ; 2,4-D̲à®ˈƸ8̪̲Çč˽ΟPʳ?+)8ŘÙ14ýʫ 13ý9 "-sZ|_
sS6ɻ$- 8 ý Burkholderia ɻĿ5 ý Cupriavidus ɻĿ3˞ʻ#M+Ʋ
L 1 ý9 #-sZ|_sS8 Sphingobium ɻĿ6ŀÅ,.+!MJ8Ŀ8́ͮ&L
















ý£ȕ68AL（Amy et al., 1985; Don & Pemberton, 1981; Ka et al., 1994; Lee et al., 
2005; Macur et al., 2007; Tonso et al., 1995）˔Ǽ9
r}Z
iuSS
[˕22,4-D̲àĿ8şĨɃQ6ƇOM+ŀ˰9˨̸（Zabaloy & Gomez, 2014）
uw（Huong et al., 2007）ĊƏ（Park & Ka, 2003）ʫƏ（Han et al., 2014）˕J
F̲Ή8̈́ƎL2,4-D̲àĿ92,4-DƽͻΞ85ːș（Itoh et al., 2000; Kamagata 
et al., 1997）GÇ˳ˏ3pH8ƌĻŪĄı（Maltseva et al., 1996）JF̲Ή#M1K
ȹäʫ6̧̲˭EJML 
 ȹäíʠ2̲Ή#M+2,4-D̲àƠĿ8ʃ"-sZ|_sS6ɻ&L)8ʫ2F
BurkholderiaɻĿ3)8ŀÅǡƌ̢ˏ2̲Ή#M1L（Baelum et al., 2010; 
Fulthorpe et al., 1995; Huong et al., 2007）ːș8Ǭɉ˿;6192,4-DPƌ˳ˏ
500 mg kg-12ÕL3BurkholderiaɻƠĿ8ùƍɱL!3̈́Ǝ#M1L
（Macur et al., 2007）#-sZ|_sS8SphingomonasɻĿĤ;)8ŀÅǡF2,4-D
̲àĿ3$1ŬJ̲Ή#M1+（Fulthorpe et al., 1995; Huong et al., 2007; Ka et 
al., 1994）˞%#-sZ|_sS8BradyrizobiumɻƠĿ9ɂ²ɺˏʥ2,4-D
8ƽͻΞ85ːșJ̲Ή#MLŋźL（Itoh et al., 2000; Kitagawa et al., 2002）
2,4-D£ç8͈ƋɼÑƍ̱Λ:uXwoĤ;[|n
˕8̲àĿ3
$19!-sZ|_sS8PseudomonasɻĿ̲Ή#ML!3ʃ（Ogawa et al., 
2004）$$PseudomonasɻĿ82,4-D̲àĿ3$18̲ΉΛ9ŪJM1L（Baelum et 
al., 2010; Fulthorpe et al., 1995; Han et al., 2014）!MB26̲Ή#M1L2,4-D̲àƠ
Ŀ9Ǟ6Proteobacteriaͥ6̲Κ#M1+ŀ˰ʫƏ8Ȇ̅̆JǼE1Firmicutes
ͥ8BacillusɻƠĿ̲Ή#M+（Han et al., 2014）B+2,4-D̲àĿ3$1̲Ή#M1
+89̘ɂ̱8ʫ2FƠĿ6ŪJM1+2013˰6ǼE1ǀȞĿ82,4-D̲àĿ
̈́Ǝ#M+（Itoh et al., 2013） 
 ŻėˁĄı292,4-D 9̓õˁɺG6ȋǔ&LǞ6 Fig. 1-1 6ǎ$+Œ΢2̘ɂ
̱6̲à#M1L3ƆJM1L（Perkins et al., 1990）2,4-D ̲àĿ8ʋ̞ýC. 












































































v&L®ˈƸ8şĨƇOM1+（Farhana & New, 1997; Fukumori & Hausinger, 
1993; Perkins et al., 1990; Streber et al., 1987）JMP134ý92,4-D8̲à6ĉOL tfdB





ƍ.1ɿƣ&LFig. 1-2（Laemmli et al., 2000; Leveau & van der Meer, 1997）ɤͅ
8ʆÊ&L®ˈƸ8ɬ˞Ȼ9Çč˽Ο3$1 65əų2LtfdA̲à®ˈƸFȕĚ̲
à®ˈƸŉ6ŀɌ$1ɿƣ&L!8I5 2,4-D ̲à®ˈƸŉ8ĺƣ9ʂ8 2,4-D ̲
àĿ2F̈́Ǝ#M1L（Hoffmann et al., 2003; Kim et al., 2013; Poh et al., 2002; Vedler 
et al., 2004）³ͅ-sZ|_sSɻĿ8 2,4-D̲àĿ Bradyrhizobium sp. HW13
ý29tfdA®ˈƸ8ʋOK6 cadABC®ˈƸŉ 2,4-D8ƜǼ8ʋǛPƇ!3̈́Ǝ#
M（Kitagawa et al., 2002）)8ų cadA8́ͮ̯ȷ8-sZ|_sSɻĿ2ó˭
#M+（Itoh et al., 2004）-sZ|_sSɻĿ69tfdA͸8®ˈƸ3$1 tfdA
®ˈƸšǲ#M1L（Itoh et al., 2002）$$˞®ˈƸ9 2,4-DP̲à$5ý
6Fɿƣ$（Itoh et al., 2004）JMP134ý8 tfdA6̓?1 2,4-DhZ]gbw
lûȻ
ǝ+EMal Eͳƍʅ8Ȟʉ61（Itoh et al., 2002）2,4-D̲à9Ǟ6 cadABC
ʕ.1L3ƆJM1L（Kitagawa & Kamagata, 2014）-sZ|_sSɻ
Ŀ8 2,4-D ̲à®ˈƸŉ6/19̈́ƎŪJM1LNovosphingobium sp. TFD44
ý£ə9 Sphingomonas sp.2tfdC £Ɗ8_[sc
8̲àPʕ®ˈƸ_
io
Pōȼ$1L!3̈́Ǝ#M+（ Thiel et al., 2005）)8ų
4-chloro-2-methylphenoxyacetic acid (MCPA)̲àĿ Sphingomonas sp. ERG5 ý2
cadABCĤ; tfdB£Ɗ8̲à®ˈƸŉuin3$1ĺƣ&L!3͜J6#





















 ȹäíʠ2ɃQ6 2,4-D̲àĿ̲Ή#M1L˫ ͏Ə˧8̲Ή9ûȻÈ （ʿLee et 


















ïΩ$+ɜ18ːș9 2 mm8<L6ɠʌ5ͮĕ̱PȂ+ 
 Ǭɉ˿;P³ʻ8ȴ̲ȜŚ2Ƈ+Eįǅːș8ƜʌͷȴΖP£Ð8͆ͅ2ʹEɹʻ$



















Fig. 1-3 Soil sampling sites in Japan. 1, Hokkaido; 2, Akita; 3, Niigata; 4, Fukushima; 5, 


























 2,4-D̲àĿPóǗ6ǟˡ&L+E˪ǌǬɉ˿;PƇ.+1 g8Ǭɉ˿;ːșP100 mL
8͝Ŀȟ΍ȴ6Ŝʐ$!MP#J6Đǜ$110-3Ĥ;10-4˾ĐǜÀPƥȼ$+!8ĐǜÀ




2,4-DȴͺÀ0.5 mg mL-16ʗɡŧPċB5͘ĕÇč͏˿ʠ8ȼ （̲Ogawa & Miyashita, 
1995）PÕ12,4-DÀʅ˿ʠ3$!MPͻ1ƛˏ8̲ΉɨƥPƇ.+͘ĕÇč͏˿
ʠ8ȼ̲9£Ð8ʸK2LL+Kȼ̲(NH4)2SO4, 1.1 g; K2HPO4, 2.29 g; KH2PO4, 








ʠ9əǴ8 2,4-DÀʅ˿ʠ6ɄɅÿ˄Agar purifiedBecton Dickinson (ĩ Difco), USA
PÕ1ƥȼ$+2,4-D ̵̌6ɌǡŧPˋ̧$1I)³ǫĈ 282˿;$+ųōȼ#
M+cx
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 ȴˉIK̲Ή$+ 2,4-D ̲àĿĤ;Ēɿ8ʋ̞ˁ5 2,4-D ̲àĿ C. pinatuboensis 
JMP134 Pͻ+B+JMP134 ý8 tfdCIDIEIFIBI_io
6ɬ˞5®ˈƸŉṔͮ
&L 2,4-D̲àĿ Burkholderia cepacia CSV90ý8iv pMAB1JƄʦ#M+̲
à®ˈƸŉ́ͮ_o








 ȴˉːșͯ΁8 2,4-D ̲àĿ 14 ýĤ; JMP134 ýP2,4-D ̵̌˿ʠ2ə˿;$+ų
Luria-Bertani broth (LB) Àʅ˿ʠ（Sambrook & Russell, 2001）6Ɍǡ$282 1J
2̐ʆȷɱȢēųēB2 130 rpm2Ȧ3˿;$++,$C308ý9 LB˿ʠ28ɂ²
Ļʙ6ʥ.++E10̲8 16Đǜ$+ LBÀʅ˿ʠPͻ+˿ ;ÀPÆȥ$1Ŀʅ
PáǦ$CTAB͆Current protocols in molecular biology, 1990B+9bz DNA
ʬǲ]ruGentra Puregene Yeast / Bact. KitQiagen, Holland2 DNAPʬǲ$+
ʬǲɨƥ9]ru8Ɏ͜ǿ6Ǯ.+ 
 
3 16S rDNAĤ; 2,4-D̲à®ˈƸ8̪̲˽Ο8ŗʻ 
 bz DNA PʯŌ3$1 16S rDNA Ĥ; 2,4-D ̲à®ˈƸ8̪̲Çč˽ΟP PCR ɱ̮
$+̲à®ˈƸ9ƜǼ8 3ʝæ8̋Ê6ĉOL®ˈƸFig. 1-1tfdA /cadAtfdB
Ĥ; tfdC8˽ΟPʳ?+PCR950 µL8̋ÊÀ6 1 ng8bz DNA1.3 U8 Ex Taq 
DNA
lo[|UZEx Taq|rR
0.2 mM8í dNTPĤ; 100 pmol
8íU











































Table 1-1 Primers for PCR. 
Target sequence Primer name Primer sequences (5’-3’) a 
 
Reference 



















Vallaeys et al. (1999） 
tfdC 





Leander et al. (1998） 
tfdC 





Cavalca et al. (1999） 
 




Instruction for the vector 





Table 1-2 Conditions for PCR. 
Target PCR conditions 
16S rDNA 94ɦ 2 min. 
94ɦ 15 sec. 
55ɦ 30 sec.    30 cycles 
72ɦ 1.5 min. 
72ɦ 7 min. 
 
tfdA 94ɦ 3 min. 
94ɦ 30 sec. 
59ɦ 30 sec.    35 cycles 
72ɦ 30 sec. 
72ɦ 7 min. 
 
cadA 94ɦ 2 min. 
94ɦ 30 sec. 
48ɦ 30 sec.    35 cycles 
72ɦ 30 sec. 
72ɦ 7 min. 
 
tfdB 94ɦ 2 min. 
94ɦ 30 sec. 
54ɦ 30 sec.    35 cycles 
72ɦ 30 sec. 
72ɦ 7 min. 
 
tfdC 
(ca. 270 bp) 
94ɦ 2 min. 
94ɦ 30 sec. 
48ɦ 30 sec.    35 cycles 
72ɦ 30 sec. 
72ɦ 7 min. 
 
tfdC 
(ca. 600 bp) 
94ɦ 4 min. 
94ɦ 1 min. 
57ɦ 1 min.     40 cycles 
72ɦ 2 min. 


















uVWSMEGA 5（Tamura et al., 2011）2Ǘƽ$+ 
 ͏şĨ2͜J6$+ 14ý8 16S rDNAĤ; 2,4-D̲à®ˈƸ8̪̲Çč˽Ο9 DDBJ
Pʸ%1ˍΥ$+Accession number9£Ð8ʸK2LAB212226J AB212239 (16S 
rDNA)AB212768J AB212780 (tfdA)AB212781 (I602ý8 cadA)AB212782J





 JMP134ýĤ;!8ý3ɬ˞Ȼ8ƌ̲à®ˈƸ˽ΟPǊ/ K101K301Ĥ; K401ý
8bz DNA PȺŪƈɡ EcoRI˓͹͋2ɋʛ$150$140 mm 8 0.7S\
i















AlkPhos Direct Labelling and Detection SystemGE healthcarePͻ1Ǘƽ$+tfdCI

Ĥ; tfdCII
8ƥȼ9I) 600 bp 8 PCR Ư̱8ˡJML Cavalca J
19998U
Table 1-1Pͻ1Table 1-28ȜŚ2ʯŌ DNA˽ΟPɱ̮$
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$++,$̋ ÊÀ6DIG-11-dUTPRoche, SwitzerlandP 0.25 nmolɬ˔ˆÕ$+
{UpUl
g|rR

























2,4-D 8ȋǔó˭#M+ý8ʫJ)M*M8ːș6/1 1 J 3 ĿýPɘ;ƍŕ
14ýPȴˉͯ΁ 2,4-D̲àĿ8ʋ̞ý3$+Table 1-3 
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Table 1-3 2,4-D-degrading strains isolated in this study. 
Site numbera Sampling site (prefecture, city) Strains 
1 Hokkaido, Sapporo H801b 
2 Akita, Omagari M701b 
3 Niigata, Joetsu T101, T201, T301 
4 Fukushima, Fukushima Ff54 
5 Ibaraki, Tsukuba Y103, Y212b 
6 Aichi, Kariya K101, K301, K401 
7 Hyogo, Tatsuno I502, I602 
8 Fukuoka, Chikugo C308, C801 
a; Site number is correlated with the number shown in the map of Fig. 1-3. 










1ȴˉͯ΁ 2,4-D̲àĿ8 16S rDNA˽Ο 
 ȴˉIKʔΉ#M+ 14ý8 2,4-D̲àĿ)M*M6/1I) 1,500 bp8 16S rDNA
˽ΟPǟˡ$++,$ I602ý9 975 bp!8˽ΟPͻ1ƜFŀÅ5 type strainP
ŝƦ$+ŘÙP Table 1-46ǎ&'M8ý8 rDNA˽ΟFĒɿ8 type strain8˽Ο6
97£ȕ8ƌɬ˞ȻPǎ$14ýʫ 8ý BurkholderiaɻĿ5ý CupriavidusɻĿ
1 ý Sphingobium ɻĿ3˞ʻ#M+B+8 ý8 Burkholderia ɻĿ9 4 ǡ5 ý8
CupriavidusɻĿ9 2ǡ8 type strain6ƌɬ˞ȻPǎ$+ɶ-ȴˉIK̲Ή$+ 14




Table 1-4 Similarities among type strains and 2,4-D-degrading strains isolated in this 
study, and type of 2,4-D degradation genes in each strain. 
Strain Identified as: 16S rRNA gene sequence comparison  
  Closest relative (accession number) Identity Group of 2,4-D 
degradation 
genes a 
Y212 Burkholderia Burkholderia metallica R-16017T (AM747632) 1487 / 1490 
 (99%) 
RASC 
Ff54 Burkholderia Burkholderia metallica R-16017T (AM747632) 1487 / 1490 
 (99%) 
RASC 
T301 Burkholderia Burkholderia metallica R-16017T (AM747632) 1487 / 1490 
 (99%) 
RASC 
K301 Burkholderia Burkholderia metallica R-16017T (AM747632) 1487 / 1491 
 (99%) 
JMP134 
T201 Burkholderia Burkholderia diffusa R-15930T (NR 042633) 1488 / 1490 
 (99%) 
RASC 
C308 Burkholderia Burkholderia terrae KMY02T (NR_041287) 1462 / 1470 
 (99%) 
RASC 
H801 Burkholderia Burkholderia sediminicola HU2-65WT 
 (NR_044383) 
1444 / 1468  
 (98%) 
RASC 
M701 Burkholderia Burkholderia sacchari IPT101T (NR_025097) 1480 / 1491  
 (99%) 
RASC 
T101 Cupriavidus Cupriavidus basilensis DSM 11853T (NR_025138) 1481 / 1484 
 (99%) 
EST4002 
K101 Cupriavidus Cupriavidus basilensis DSM 11853T (NR_025138) 1481 / 1484 
 (99%) 
JMP134 
I502 Cupriavidus Cupriavidus basilensis DSM 11853T (NR_025138) 1481 / 1484 
 (99%) 
EST4002 
K401 Cupriavidus Cupriavidus basilensis DSM 11853T (NR_025138) 1449 / 1484 
 (97%) 
JMP134 
Y103 Cupriavidus Cupriavidus laharis 1263aT (NR_040869) 1449 / 1492 
 (97%) 
RASC 
I602 Sphingobium Sphingobium chlorophenolicum ATCC 33790T 
(NR_040807) 
802 / 821  
 (98%) 
TFD44 




 14 ý́ͮ&L tfdAB+9 cadAtfdBĤ; tfdC ®ˈƸFig. 1-18̪̲Çč˽
Ο9)M*MĒʟ8 2,4-D̲àĿ C. pinatuboensis JMP134ýA. xylosoxidans EST4002
ý（Mae et al., 1993）Ĥ; Novosphingobium sp. TFD44（Fulthorpe et al., 1995）ý8˽
Ο6 91£ȕ8ɬ˞ȻPǎ$+Table 1-5!MJĒʟ8 2,4-D̲àĿ 3ý8́ͮ&L tfdA
tfdBĤ; tfdC8Çč˽Ο8ĿýĈ8ɬ˞Ȼ9é7 70£Ð2L+E+,$JMP134











- 8ý8 tfdAtfdBĤ; tfdC8Çč˽Ο9 EST4002ý8˽Ο6 93J 958ɬ˞ȻP
ǎ$+86ʆ$Burkholderia tropica RASCý8˽Ο6 98£ȕ8ɬ˞ȻPǎ$++E
RASC e`
6̲Κ$+ƲK8 2 ý8˽Ο9EST4002 ý8́ͮ&L˽Ο6 98
£ȕ8ɬ˞ȻPǎ$++EEST4002 e`
6̲Κ$+tfdC 8̪̲Çč˽ΟPͻ








Table 1-5 Grouping of 2,4-D-degrading strains based on the nucleotide sequence 
similarity in the tfdA, tfdB and tfdC homologs. 
Group 
 
Strain Similarity (%) of nucleotide sequence with 
indicated genea 
 tfdA  tfdB tfdC 
JMP134 group Cupriavidus sp. K101 100 100  (tfdBI) 100  (tfdCI) 
    +b (tfdBII)  99.1 (tfdCII) 
 Cupriavidus sp. K401 100 100 (tfdBI) 100 (tfdCI) 
    + (tfdBII) 100 (tfdCII) 
 Burkholderia sp. K301 100 100 (tfdBI) 100 (tfdCI) 
    ! (tfdBII)  ! (tfdCII) 
EST4002 group     
    EST4002 subgroup Cupriavidus sp. T101 100  99.6  98.7 
  Cupriavidus sp. I502 100  99.6  98.7 
       
    RASC subgroup Cupriavidus sp. Y103 100  98.2 100 
  Burkholderia sp. Y212 100  98.2 100 
 Burkholderia sp. C308 100  98.2 100 
 Burkholderia sp. T201 100  98.2 100 
 Burkholderia sp. T301 100  98.2 100 
 Burkholderia sp. M701 100  98.2 100 
 Burkholderia sp. H801 100  98.2 100 
 Burkholderia sp. Ff54 100  98.2 100 
     
Sphingomonas group Sphingobium sp. I602  86.4 (cadA)  92.0  91.0c 
a % similarity was calculated using the nucleotide sequences of the degrading gene homolog in the strain 
isolated in this study and the corresponding gene from the representative strain, JMP134, EAT4002, RASC 
or TFD44, of the respective (sub-) group. The gene fragments used in this analysis were tfdA (213 bp), 
nucleotide positions 505 to 717 of tfdA from strain JMP134 (M16730); tfdB (226 bp), positions 59 to 284 of 
tfdBI from strain JMP134 (X07754); tfdC (223 bp), positions 384 to 606 of tfdCI from strain JMP134 
(M36280); and cadA (295 bp), positions 613 to 907 of cadA from Bradyrhizobium sp. strain HW13 (AB062679). 
The nucleotide sequences of the representative strains were obtained from DDBJ and had the following 
accession numbers: tfdA, C. pinatuboensis strain JMP134, M16730; A. xylosoxidans strain EST4002, 
U32188; B. cepacia strain RASC, U25717. tfdB, strain JMP134, X07754 (I), U16782 (II); strain EST4002, 
U32188; strain RASC, AF068279; Novosphingobium sp. strain TFD44, AF068273. tfdC, strain JMP134, 
M36280 (I), U16782 (II); strain EST4002, AY540995; strain RASC, AF043451; strain TFD44, AY598949. 
cadA, strain TFD44, AB119243.  
b + (–), the gene was detected (or not detected) by analysis of Southern hybridization.  
c Novosphingobium sp. strain TFD44 has two genes encoding chlorocatecol 1,2-dioxygenase, namely tfdC and 




Table 1-6 Similarity (%) among the partial nucleotide sequences of tfdA, tfdB, and tfdC 
from C. pinatuboensis strain JMP134, A. xylosoxidans strain EST4002, and 
Novosphingobium sp. strain TFD44a. 
 JMP134b vs. EST4002  JMP134b vs. TFD44c EST4002 vs. TFD44c 
tfdA 81.2  49.3d  49.8d 
tfdB 58.4 60.6 67.7 
tfdC 63.9 68.3 60.9 
a The positions and accession numbers of the sequences in this table are given in the footnotes to 
Table 1-5. 
b The nucleotide sequence data of tfdBI and tfdCI of C. pinatuboensis strain JMP134 are used in 
this table.  
c Novosphingobium sp. strain TFD44 has two genes that encode chlorocatecol 1,2-dioxygenase 
(tfdC and tfdC2), and the nucleotide sequence data of tfdC are used in this table. 
d The similarity of the partial nucleotide sequences of the tfdA-like gene of Novosphingobium sp. 
strain TFD44 (AB119237) and the tfdA of C. pinatuboensis strain JMP134 or A. xylosoxidans 





















Fig. 1-4 Phylogenetic tree of partial nucleotid sequences (ca. 270 bp) of tfdC homologues 
from 2.4-D-degrading strains isolated from paddy fields and related strains. Parentheses 
represent accession number of tfdC homologues in DNA database. Name of gene is shown 
after strain name, when the strain has plural of the homologues. The tree was 
reconstructed by maximum-likelihood analysis using MEGA 5 software. Bootstrap values 













Sphingomonas sp. 	 (!+&$(,),*














Burkholderia caledonica  (!+&$(,#()

























Variovorax paradoxus TV1 (!+&))#-))





















)8-8 2ýK101ýĤ; K401ýF 2ǡΚ8 tfdC˽ΟṔͮ$JMP134ý8́ͮ&












#MtfdC1 Ĥ; tfdC2 3͚̥+I502 ý3 T101 ý8 tfdC1 9@A˞³2EST4002




i22ŝƦ$+3!N_¡ɷƋƱ̲àĿ Pseudomonas kanackmussii 




 Sphingobium sp. I602ý8bz DNAJ9tfdA8 PCRƯ̱ŝǲ#M5.+
{U2̲Ή#M+ Bradyrhizobium sp. HW13ý29cadABC 2,4-D̲à8ƜǼ8̋
ÊPʕǈ̈́Ǝ#M1K（Kitagawa et al., 2002）Bradyrhizobium sp. RD5-C2, 
Novosphingobium sp. TFD44ýĤ; Sphingomonas sp. B6-10ý˕8ʂ-sZ|_
sS8 2,4-D̲àĿJF cadA®ˈƸ8˽Οŝǲ#M1L（Itoh et al., 2004）)!
2I602ý8 cadA˽ΟPàɈ$+ŘÙ˞˽Ο9 B6-10ý8 cadA˽Ο6˞³2TFD44
ýĤ; HW13ý8˽Ο>8ɬ˞Ȼ9)M*M 86Ĥ; 762.+B+I602ý8 tfdB
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.+)!2tfdB ˽ΟĤ; tfdC ˽ΟP
3$+ef{UpUl
gP
Ƈ.+tfdC®ˈƸ˽Ο8àɈ69AlkPhos Direct Labelling and Detection SystemGE 
healthcarePͻ+bz DNA ɜʅiS
6ŝǲ#MˢªȻƌ5I
2.+Fig. 1-5 »Ȳ 2͒tfdCI
29JMP134ý3 K301ý9I) 23 kb















JMP134ý29 23 kb̥ŀ3 2 kb£Ð8ʛ̼K101ýĤ; K401ý29 4 kb̥ŀ3 2 kb
£Ð8 DNA ʛ̼6g`w˭EJMK301 ý29g`wŝǲ#M5.+ɶ-
K101ýĤ; K401ý9JMP134ý˞͸2ǡΚ8 tfdBĤ; tfdC˽ΟṔͮ&LK301


















Fig. 1-5 Analysis of the hybridization pattern of EcoRI-digested total DNA of the strains 
having the degradation genes of JMP134 group. The name of the applied probe is shown 







































































1 2,4-D ̲àĿ8Ǭɉ˿;3̲ΉPǅC+3!N̓õˁͷ¨6 2,4-D ̲àĿPʔΉ&L!
























Sphingomonas ɻĿ6ċBML2001 ˰6 Sphingomonas ɻĿP 4 ɻ6̲Lʽ¢
K（Takeuchi et al., 2001）!M6Ǯ.+SphingomonasɻĿ3$1̲Ή#M+ TFD44
ý（Fulthorpe et al., 1995）FŨƣ8̲Κ29 NovosphingobiumɻĿ6̲Κ#M1L
（Thiel et al., 2005） 























)M*M8 tfdA ˽Οª5L 16S 
rDNA PǊ/ƠĿ6́ͮ#M1L!3͜J65K̲à®ˈƸƠĿĈ6ˈ˷$+Ö





6I.1ˈʑ$1LÖ˴Ȼƌ3ƆJM+³ͅB. tropica RASCý£ə9 TFD3
ýB. cepacia（Baelum et al., 2010; Tonso et al., 1995; Vallaeys et al., 1996）8 2,4-D
̲à®ˈƸ9JMP134ý8®ˈƸ@469àɈ#M15˞ ý8 tfdA˽Οɖȣʅȕ
6ɿƣ&L!3̈́Ǝ#ML³ͅ（Suwa et al., 1996）tfdC˽Ο9532 kb8ʌŌ8 
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Table 1-7 Classification of tfdA and cadA genes depending on the sequence similarities. 
Strain/ gene McGowan et al. 
(1998) 
Baelum et al. 
(2010) 
Lee et al. 
(2005) 
This study 
JMP134/ tfdA Class I Class I-a Class I JMP134 group 
TFD9/ tfdA Class I Class I-b Class I JMP134 group 
RASC/ tfdA Class II Class II Class II RASC subgroup 
EST4002/ tfdA Class III Class III Class II EST4002 subgroup 
HW13/ cadA   -   - Class III  - 
TFD44/ cadA   -   -  - Sphingomonas group 
Uncultured 
bacterium/ cadA-like 




ivȕ6ɿƣ&L!3̈́Ǝ#M1L（Cavalca et al., 1999）2,4-D̲à˴ RASCý
J̺8ý6ʺ̢ˏ2ˈʑ#M+!3̈́Ǝ#M（McGowan et al., 1998）̲à®ˈƸ
iv6I.1ˈʑ$+Ö˴Ȼǎ#M1Liv)8F88ˈʑ9ó˭#
M15 
 ͏şĨ2ˡJM+-sZ|_sS8 2,4-D ̲àĿ I602 ý8̲à®ˈƸ9Ēʟ8
-sZ|_sS8 2,4-D̲àĿTFD44ý8®ˈƸ6ƌɬ˞ȻPǎ$+-
sZ|_sS8 2,4-D̲àĿ9-sZ|_sSG-sZ|_sS39ª5
L̲à®ˈƸŉṔͮ&L!3̈́Ǝ#M1K（Itoh et al., 2002; Kamagata et al., 1997; 
Kitagawa et al., 2002; McGowan et al., 1998）͏şĨ8ŘÙF˞͸2.+ 
 JMP134ý9_Wz
̲à®ˈƸŉP 2/Ǌ/!3̈́Ǝ#M1K（Laemmli 
et al., 2000; Leveau & van der Meer, 1997）͏şĨ2ˡJM+ JMP134`
8̲à®
ˈƸPǊ/ K101 ý3 K401 ýF˞͸62 /8®ˈƸŉPǊ/!3ǎƖ#M+³ͅ



















JM1L（Ogawa et al., 2004） 













































9̈́Ǝ#M1+（Dunn & Gunsalus, 1973; Rheinwald et al., 1973）2,4-D̲ài
v9ȭΚÑöƍȼ$+ͮĕÑƍ̱8̲à®ˈƸṔͮ&LˈʑȻiv3$1









Ĥ; Burkholderia cepacia 2a ý́ͮ&L̲àivpEST4011 Ĥ; pIJB1F
IncP-1iv6̲Κ#ML（Poh et al., 2002; Vedler et al., 2004）ŀ˰ɜÇč˽Ο
8àɈ#M+ 2,4-D̲àiv8 p712Ĥ; pDB1F IncP-1iv2L!3͜
J6#M+（Kim et al., 2013）B+/8_¡ɷƋƱ̲àĿF̲à®ˈƸ
ŉP IncP-1ivȕ6́ͮ&L（Top et al., 2002）IncP-1̲àiv9ːșʫ
2ƠĿĈ6ˈ˷&L!3Fó˭#M（DiGiovanni et al., 1996; Top et al., 1996）͈ƋɼÇ
ɡÑƍ̱̲à®ˈƸ8ˈ˷6ǯͽ5ͨùPʕ.1L3ƆJM1L 
 2,4-D ̲à®ˈƸ8ʃ9IncP-1 ivȕ6ɿƣ&L!3̈́Ǝ#ML³ͅ̤Χ
ƍȻ`
8ª5LivG（Don & Pemberton, 1981）³̍ˁ5 IncP-1`

8̲àiv90 kbəųIKʌŌ8ivJFŝǲ#M1L（Cavalca et al., 
1999; Vallaeys et al., 1998）!8ʫ69 B. tropica RASCýFċBM˔Ǽivʬ
ǲ͆6I.1 2,4-D̲àivŝǲ#M5.++Eɖȣʅȕ6 tfdA®ˈƸɿƣ
&L!3̈́Ǝ#M+（Suwa et al., 1996）)8ų532 kb8ivȕ6 tfdC®ˈƸ






52,4-D £ç8Ñƍ̱Λ:uX˕8͈ƋɼÑƍ̱P̲à&L Sphingomonas 
aromaticivorans F199ý8̲à®ˈƸ9ˈʑȻivȕ6ɿƣ&L!3̈́Ǝ#M1
L（Romine et al., 1999） 













 Ə˧8ȴˉːșIK̲Ή$+ 14 ý8 2,4-D ̲àĿTable 1-36Õ1Ēɿ8 2,4-D
̲àĿC. pinatuboensis JMP134ýVariovorax paradoxus TV1ýVallaeys 1998Ĥ
; Novospingobium sp. TFD44ýPͻ+B+2,4-D̲à®ˈƸPǊ+5i











 2,4-D̲àĿIKivPʬǲ&L͆ͅ3$1S[ SDS͆8ŤΆPͻ+Kado 
& Liu (1981）Kieser (1984）Ĥ;谷 & 竹内 (1993）J8͆ͅPǅC+B+ˊė¿˝
2ivPÖǄÑ&L͆ͅ3$1ĿʅPˊė¿˝ͻb8 well 8ʫ2ͺĿ&L͆ͅ













6ŵă$+#J6 50 V2 2ǋ
 40 
Ĉ̊ˊė¿˝PƇ.+ųDNA P EtBr 2ɖȣ$+SDS 3͵̲5 EtBr PȂĪ&L+E
¿˝bP TAE |rR









 JMP134ýJbz DNAʬǲ]ruGentra Puregene Yeast / Bact. KitQiagen, 
Holland2 DNAPʬǲ$+!MPʯŌ6 tfdAtfdBĤ; tfdC®ˈƸ8̪̲Çč˽ΟP
PCRɱ̮$TA_
x`$+˞͸6 I602ý8bz DNAJɱ̮$+ cadAĤ;






























SSC, 0.1SDSPͻ)M£ç8Șƍ9 0.5SSC, 0.1SDSPͻ1 15̲Ĉ2ˏɕȝ
$+͢ˁ8 DNA |v8ŝǲ9ȕ8






















 ȴˉͯ΁8 2,4-D ̲àĿ8ivPŝǲ&L+E6/8S[ʬǲ͆Pǅ


























8̲à®ˈƸ˽ΟPǊ/ȴˉͯ΁8 8 ý8bz DNA ̲ƸPˊė
2̲Ή$+3!N'M8ýF 100 kb£ȕ8ʌŌ8 DNA̲Ƹ 1Jȷū́ͮ&L!3























Fig. 2-1 Agarose gel electrophoresis of plasmids from 2,4-D-degrading strains of the 
RASC subgroup (A), and Southern hybridization analysis of these plasmids using the 
tfdCII JMP134 probe (B). Two plasmids from strain JMP134 (pJP4, 88 kb [DDBJ accession 
number, AY365053], and another plasmid, 635 kb [CP000092]) were loaded as size 
markers and positive control. A plasmid in Agrobacterium rhizogenes strain 
MAFF301724 (pRi1724, 217 kb [AP002086]) was loaded as another size marker and a 






































































































































8̲à®ˈƸ˽ΟṔͮ&L 3 ýF RASC e`
3˞%͆ͅ2
DNA̲Ƹ8̲ΉPƇ.+)8ŘÙ3ýɜ12 200 kb£ȕ8ʌŌ8 DNA̲Ƹ1J





I) 400 kb8 DNA̲Ƹ6{UpUj$+ƲK8³ý
8 K301ý29tfdA JMP134
8CI) 600 kb8 DNA|v6g`wPǎ$
tfdBII JMP134Ĥ; tfdCII JMP134
29g`wŝǲ#M5.+)!2!8 2
/8




3˞% DNA̲Ƹ6g`wPǎ$+Fig. 2-2, A-269 tfdA 
JMP134
Pͻ+Șƍ8ŘÙPǎ$+K101 ý3 K401 ý9tfdAtfdBItfdBII
tfdCIĤ; tfdCII®ˈƸ˽ΟPI) 400 kb8ivȕ6́ͮ$+!M6ʆ$K301






8̲à®ˈƸ˽ΟPǊ/ I502 ýĤ; T101 ý29'MFI
) 300 kbʾˏ8 DNA̲Ƹ8Cŝǲ#M+Fig. 2-2, B-1tfdA JMP134tfdBII JMP134Ĥ
; tfdCII JMP1348
9ɜ1!8 DNA̲Ƹ6{UpUj$+Fig. 2-3, B-269
tfdCII JMP134
8ŘÙPǎ$+ʆȌý8 TV1ý9I) 200 kb 8ʌ#8 2,4-D
̲àiv pTV1Ṕͮ&L!3̈́Ǝ#M1L（Vallaeys et al., 1998）͏ǗŢ






















Fig. 2-2 Agarose gel electrophoresis of replicons from 2,4-D-degrading strains of the 
JMP134 group (A-1) and EST4002 subgroup (B-1). Southern hybridization analysis of the 
replicons of the JMP134 group using the tfdAJMP134 probe (A-2) and the EST4002 
subgroup using the tfdCII JMP134 probe (B-2). Plasmids from strains JMP134 and 



















































































 I602ý29bz DNA8¿˝2 3͏8˳|v3)8ȕ6 1͏8̄|vŝǲ
#Mȇ53F 4/8 DNA̲Ƹŝǲ#M+Fig. 2-3ATFD44ý39|v8¤ʣ









g`wŝǲ#M+Fig. 2-3BI.1 I602ý8 4/8 DNA̲Ƹ8-³̑Ȇ#
I) 90 kb8iv6 cadAtfdBI; tfdC8̲à®ˈƸ˽Ο8ɿƣ&L!3ǎ
#M+!8iv8ʌ#9TFD44ý8̲àivIKȇ$ȆŌ2.++
,$ TFD44ý8 2,4-D̲àiv29I602ý39ª5KtfdCII JMP134
2F














Fig. 2-3 Agarose gel electrophoresis of plasmids from 2,4-D-degrading strains of the 
Sphingomonas group (A) and Southern hybridization analysis of these plasmids using the 
cadA (B-1), tfdBII JMP134 (B-2), tfdCII JMP134 (B-3), and tfdCI602 probes (B-4). Plasmids from 
strains JMP134 and MAFF301724 were loaded as size markers and positive and negative 









cadA tfdBII JMP134 tfdCII JMP134











































































































Pǎ$I) 9 kb3 6 kb8¤ʣ6|





Pǎ$+BamHI 2 DNA Pɋʛ$
















Fig. 2-4 Analysis of the hybridization pattern of EcoRI-digested total DNA of the strains 












































 ȴˉJ̲Ή$+ 14ý8 2,4-D̲àĿɜ12ivŝǲ#Mȇ53F 2,4-D̲
à8ƜǼ8̋Ê6ĉOL®ˈƸ tfdAB+9 cadAtfdBĤ; tfdC8̪̲Çč˽Ο9)
M*M8ý8˞³8ʌŌiv6ɿƣ&L!3ǎ#M+ˢ6 14 ýʫ 8 ýPɒEL
RASC e`
8̲à®ˈƸPǊ/ 2,4-D̲àĿ9I) 600 kb8˞%ʌ#8
iv6̲à®ˈƸPǊ/ǈ͜J35.+əȐ61̯ȷ8ɻǡ8ƠĿ2Ƅȼ
#ML!MJ 8 ý9@A˞%̲à®ˈƸ˽ΟṔͮ&L+E̲à®ˈƸÓJ8Ɍƍ
ˈʑ¸Ƹ6I.1ƠĿĈ6ˈ˷$+Ö˴Ȼǎ#M+͏ ǗŢ2ˡJM+ŘÙ9I) 600 
kb 8ʌŌiv̲à®ˈƸ8ˈ˷Pʕ.1LÖ˴ȻPĲǎ$+!MB26
RASC ý8 tfdC ®ˈƸ˽ΟF 532 kb 8ivȕ6ɿƣ&L!3̈́Ǝ#M1K
（Cavalca et al., 1999）é7!M6³ʤ&LŘÙˡJM+!MB26IàɈ#M1
L 2,4-D̲àiv990 kbəų8ʌ#8 IncP-1`
8iv6ŪJM1
KRASCý£ç6 2,4-D̲à®ˈƸP 500 kb£ȕ8iv6Ǌ/3̈́Ǝ9š˔
+J5B+RASC ý8iv9ʌ#£ç8ț̈́5ɶ-͏şĨ2ŝǲ
#M+I) 600 kb8 2,4-D̲à®ˈƸ́ͮiv9!MB26@3Q4àɈ#M1
5ˈʑȻ8 2,4-D̲àiv3ƆJM+ 







L!33$bz DNAPȺŪƈɡ2ɋʛ$̲ à®ˈƸ8ɿƣ&L DNAʛ̼8ʵ#P̓
õ$+)8ŘÙBurkholderia sp. Y212ý£ç8 7ý8ŋź9³ʤ$1+I.1
ȇ53F 7ý8̲à®ˈƸŉĤ;)8ǧ̾Ƅɲ9Κǉ$1L3ƆJM+ 
 JMP134`
8̲à®ˈƸ˽ΟPǊ/ 3 ý8 2,4-D ̲àĿ9'MF 200 kb£ȕ
 51 
8ʌŌ8ivȕ6̲à®ˈƸṔͮ$1+!8ŘÙ9JMP134 ý3˞% 90 kb
əų8ʌ#8 IncP-1 8ivȕ6̲à®ˈƸPǊ/3ʹɦ39ɜª5.1
+³ͅCavalca et al. (1999）9ʳƙ$+ JMP134`
8̲à®ˈƸPǊ/ 2,4-D
̲àĿ852JD1ýJD2ýJD16ýĤ; JD17ý9̲à®ˈƸP 200 kbəų8
iv6́ͮ&L!3P̈́Ǝ$1LJMP134 ý8̲à®ˈƸŉ9uin͸8
ƄɲPǊ/!3̈́Ǝ#M1K（Clement et al., 2001）IncP-1iv6I.1Ơ͇
˧6ˬ.+̲à®ˈƸŉuin3$1ʌŌ8iv6ɧˬ#M+Ö˴Ȼ
L)8³ͅ2JMP134`
8̲à®ˈƸPǊ/ K101ý3 K401ý916S rDNA
˽Ο9ª5LTable 1-4̲à®ˈƸ˽Ο³ʤ$Table 1-5˞%ʌ#8̲à




1L（Poh et al., 2002; Vedler et al., 2004）$$ȴˉͯ΁8 I502ý3 T101ý9









PǊ/ǈ̈́Ǝ#M1L（Vallaeys et al., 1998）)8ųCavalca et al. (1999）9 pTV1
8ʌ#P 442 kb3ȳʻ$+͏ şĨ2 pTV16/1ˡJM+ŘÙ9ųǚ6ŀʞ2
.+I502 ý3 T101 ý8́ͮ&LI) 200 kb 8̲àivIK9͜J6ʌ
Fig. 2-2, B!MJ˞%iv`
6ɻ&L89̉ʛ25.+pTV1
9ɌƍˈʑǗŢ2ˈʑ8ó˭#M5.+!3̈́Ǝ#M1L（Vallaeys et al., 1998）





8̲à®ˈƸ˽ΟPǊ/ I602ýĤ; TFD44ýFcadA, tfdBĤ; tfdC
®ˈƸɜ1P˞³8iv6́ͮ&L!3͜J35.+-sZ|_sSɻ
8 2,4-D ̲àĿ29̲à®ˈƸ3iv8ĉŊ6/18̈́Ǝ5͏şĨ2ǼE
1ǎ#M+TFD44 ý9 tfdC £Ð8̲à®ˈƸP®ˈƸ_io
3$1́ͮ&L!3
̈́Ǝ#M1L（Thiel et al., 2005）+Eȇ53F TFD44ý9 2,4-D̲à6̛ͻ5®ˈ
ƸPɜ1ivȕ6́ͮ&L3ƆJML͏şĨ61cadA Ĥ; tfdB tfdC
3˞³8ivȕ6šǲ#M+!39̲à®ˈƸ8ˈ˷3òˡPƆLȕ2ǯͽ5§


























ɖȣʅ6ɬ˞Ȼ8ƌΗ±ɿƣ$+B+ivɜʅ2 39 ū8 tRNA ®ˈƸ˽










9³̍6ĄȞ2LWx̲àĿ8 Rhodococus jostii RHA1ý9̲à®ˈƸPʌŌ









 ƠĿ6L 2,4-D ̲à˴8òˡ6ˈʑȻivǯͽ5˜P$1L!39Ĉ­
5!MB26ɜÇč˽Ο8͜J6#M+ 2,4-D ̲àiv9pJP4
pEST4011pIJB1p712 Ĥ; pDB1 8 5 /6ŪJM'MF IncP-1 iv`








ivΛ:uX̲àiv pWW0117 kb（Greated et al., 2002）G[
|n







8̲à®ˈƸPǊ/ 8ý8̲àĿ8-Burkholderia sp. M701ý
8 2,4-D ̲à®ˈƸ́ͮivPàɈ$+M701 ýPɘQ,Άͯ3$1bz8ˊ
ė¿˝2ŝǲ#M+iv8ȷ̓õˁȇ5!3ĭ JMLFig. 2-1AF³
/8Άͯ9M701ý8 rDNA˽Ο9 B. sacchari8˞˽Ο6ɬ˞ȻƜFƌ99%Table 













150 rpm2I) 12ǋĈȦ3˿;$+OD660 0.735.+˿;ÀPǬĿ$Takami et 









˧2 24ǋĈ¿˝$+ųparameters: gradient, 6.0 V cm-1; 

















 PFGE͆2 pM7012PM701ý8́ͮ&Lʂ8 DNA̲ƸJ̲Ή2L!3͜J6
5.+$$_
U
8ƥȼ69 1 µg£ȕ8 DNA̛ͽ3#MŹΊI
iv DNAPáǦ&L+E69PFGE2ŝǲ#ML pM70128|vPF.3ʄ
 56 






)MB2 OD660 0.7B2ɱȢ$+ĿʅPͻ1+3!NOD660 0.5Ĥ; 0.3B2ɱȢ
$+ĿʅPáǦ$1Ƴͻ$+!8ơ`6ˬMLĿΖ9OD ʞ2ɾ+_
Wxc














 3.4.1 2Ɯ˂Ñ$+͆ͅ6ǮpM7012 P PFGE 2̲Ή$2 á͢8 PFGE bJɋ
Kǲ$+b̼J8 DNA8áǦPˊ ėͺǲ （͆Sambrook & Russell, 2001）2Ƈ.+














` 9ūP¿˝&LȘƍáǦ#ML pM70128 DNAΖ9I) 200 ng2.+2 µg












DNA 1 µg9̱Άˁ6˹Ɵ$I) 2 kb8ʛ̼P̲ǟ$+ų͔ʙP̵üÑ$1i
v_o
pUC118 / Hinc II6Ub
g$1ʌʲĿ DH10BýLife technologies, 
USA2_
x`$+M13-47U
CGCCA GGGTT TTCCC AGTCA CGAC
Ĥ; RV-MU
















muVWS ATGC ver. 6lysTr_i2Ƈ.+muVWS ATGC29SX
v˽ΟP˭Ǔ$1͙Ǹ5Sk&Lĕ˴šǲ#M5.++Eū	8Ue
















9͍ãˠgiseUXiýǒßǙ6¥΂$+iv DNA 1µg 9̱Άˁ









_Xi$+ːșJʵƚ DNAPʬǲ&L͆ͅ（Zhou et al., 1996）8â̻͆





-agarase Pͻ+bJ8 DNA áǦ2LIPFGE ͻ8ʺͳˇS\
i
Seaplaque GTG agarose (Lonza, Switzerland)2bPƥȼ$+͢ˁ8 DNAPċDb
̼PɋKǲ$-agaraseΧŷǹͪ2ƈɡ̥ɻ8Ɏ͜ǿ6Ǯ.1ͺà$+ųƌ̲Ƹ
̱ǖÆȥ˳ǱTo
Microcon Ultracel YM-100Merck Millipore, USA2ʺ̲Ƹ
Ñ$+S\
iPȂĪ&L3İ6DNA P˳Ǳ$+!8 DNA JBAC U















































 B'ƷE6®ˈƸàɈmuVWSin silico Molecular Cloning (Ugc|UZ
h
ýǒßǙ) Pͻ1®ˈƸ8åƷcv3Ǫƾcv6ĳBM+open reading frame
ORFPʬǲ$+ǌ6Çč˽Ο200 bp£ȕ8ORFɜ18SzƱ˽ΟPNational 
Center for Biotechnology InformationNCBI8protein blastblastp8eUu















(http://lowelab.ucsc.edu/tRNAscan-SE/) （Schattner et al., 2005）2Ǘƽ$+ 













  bz DNA P PFGE 2àɈ$+ŘÙM701 ý8bz9 6 /£ȕ8 DNA ̲ƸIK
Ƅȼ#Mȇ53F 4 /8ʌŌivṔͮ&L!3͜J35.+Fig. 3-1 Ɨ
























Fig. 3-1 PFGE of replicons from strain M701 (left figure) and Southern hybridization 
























+ƜǼ8ǗŢ29` 1 ū+K8ĿΖ9˿;À 0.2 mL 3$+͏ǗŢ29ȇ5
3F 2.4 mLB29ĿΖPɱG&@4 DNA|vʄ5Lŋź˭EJM+Fig. 3-2B
³ͅƌ̲Ƹ DNA `Jˊėͺǲ$G&5L!3Pēʈ$1`8b˳ˏ
PʸȚ8 1J 0.76Ð LȜŚFŝ˙$+DNA |v8ʄ#6ʌ5Ƙ9˭EJ
M5.+Fig. 3-2B0.7b8`9¿˝Ǫΐǋ6̻ō$1++E`8b
˳ˏ9 1I3̉ʛ$+ 
 ĿΖPɱG&!32 DNA |vʄ5.+)8³ͅ2¿˝ɰiS
65K
G&ŋź˭EJM+͢ ˁç DNA8ƕˬPĻΘ5&+EPFGE2̲Ή$+ pM7012



















Fig. 3-2 Comparison of the effect of growth conditions (A) and electrophoresis conditions 

















Fig. 3-3 PFGE of replicons from strain M701 for getting DNA of plasmid pM7012. At the 
1st electrophoresis, the replicons of strain M701 were separated in PFGE gel, and at the 
2nd electrophoresis, DNA of pM7012 in cut-out gel was electrophoresed again to remove 
























_XiàɈPƇ1˽Ο+KI) 30 bp8˽ΟP 470͕ūǟˡ$+ɶ




































̲ƸPƻ$Harrison et al. (2010）6I.1ʽȅ#M+CDSĈ8Çč˽Ο̓õˁʵ
Șƍ9NCBI 8 nucleotide blast 2ɬ˞5˽Ο8ŝƦPƇ.+)8ŘÙpM7012 ȕ6
9 tRNA8ɿƣ&L!3͜J35.++EtRNAàɈeUu tRNAscan-SE 2àɈP
Ƈ.+39ū8 tRNA˽Οšǲ#M2[ǽ6B3B.1ɿƣ$++EtRNA cluster I





















Fig. 3-4 Map of plasmid pM7012 in Burkholderia sp. M701. The first and second circles 
(from outside to inside) represent genes transcribed in the clockwise and 
counterclockwise direction, respectively, with colors representing COG classification, 
except genes annotated as involved in 2,4-D degradation, arsenic resistance, plasmid 
transfer, gene mobilization, and genes related to phage. The third circle represents tRNA 
genes, and the fourth and fifth represent pM7012_repeat A sequences in the clockwise 
and counterclockwise direction, respectively. The sixth circle shows GC contents from 
47–62% separated by different colors, with a mean value of 54%. The regions in synteny 























replication, recombination and repair
translation, transcription





gene classification (1st and 2nd circles)
helicase gene (recG)
DNA topoisomerase III genegenes for!
  DNA topoisomerase IV!
  DNA primase!
  DNA methylase!





















 M701 ý8bzJ 2,4-D ̲àivpM7012 P̲Ή$1ɜÇč˽ΟPàɈ$+
ŘÙʌ#9 582 kb2.+!MB26ɜÇč˽Ο8͜J6#M1L 2,4-D̲à
iv9'MF 90 kbəų8ʌ#8 IncP-1`
8iv2L（Kim et al., 





2LÖ˴ȻPƼǊ&LŘÙˡJM+2,4-D ̲à®ˈƸŉ3~ɡʇȻ®ˈƸŉ8Ĉ8 50 
kb £ȕ8Η±9Burkholderia ɻĿ8_v£ə9ʍ˪ɖȣʅ6ɬ˞2.+F
$M701 ý8ɜbzPàɈ$ˡJM+˽ΟPĒʟ8bz˽Ο6r`$ƲK






zeUj9 8 Mbəų8ĿýʃpM70129ǰǞ8bzeUj8 1/13ʾˏ6ɬ˔&
L3ƆJMLBurkholderiaɻĿ8bz9̯ȷ8 DNA̲ƸJƄȼ#ML!3ʃ
iv_vPǟKƑQ,Ö˴ȻƆJML³ͅ2pM7012 ǐȫ_v3










Ǌ/iv pBVIE01ʍűȐHarrison et al. (2010）8̈́Ǝ2iv6̲Κ
#M1L!3ĭ JML 






 PFGE6IKȇ53F 300 kbB28ʌŌ8ivi
}
cU8ōʉ2̲






ōʉ6̻Ñ$1LÖ˴ȻƌWang & Lai (1995）9 100 kb8Z
e
_8













 pM7012 69 2,4-D ̲à6̛ͽ3#ML³Ρ8̲à®ˈƸɜ1ɾ)8̶;Ǻ9Ē
ʟ8̲àiv6Κǉ$1L!3͜J35.+³ͅ2!MB26̈́Ǝ#M1

















 iv9ʌ̲1 2 /8ͽɡJƄȼ#ML³/9ivŮͮ8˽Ο
2iv8¬Ǌ̯Ʌ6̛Ȱ8®ˈƸŉGɌƍˈʑ®ˈƸŉ!M6ɬ˔&L!MJ
8˽Ο9iv8Ɛðˁ˽Ο (plasmid backbone)（Burlage et al., 1990; Thomas, 
2000）3ŭ:MLiv8́ͮ&LF³/8ͽɡ9ų˄ˁ6ivòˡ$
+3ƆJML˽Ο2S_ke






al., 2011; Szczepanowski et al., 2011）iv8Ɛðˁ˽Ο>8 DNAʛ̼8ɧˬ9
uinƜF³̍ˁ2ʃ8ivuin͸˽ΟṔͮ&L!
MB26ɜÇč˽Ο8͜J6#M1L 2,4-D̲àivF)8Λç2952,4-D
̲à®ˈƸŉ8Βɴ69 IS1071ɿƣ$̯ ƍuin8ōʉP3.1L（Kim et 
al., 2013; Poh et al., 2002; Trefault et al., 2004; Vedler et al., 2004）Burkholderia cepacia 
2aý8́ͮ&L 2,4-D̲àiv pIJB1292,4-D̲à®ˈƸŉ3)8Βɴ8 IS1071
PƍO(1 Tn55303͚̥JM1L 























Η±6/19ˢʻ8ĕ˴®ˈƸŉ8ͮ͘P͜J6&L+E6Kyoto Encyclopedia of 
Genes and Genomes (KEGG)P΅ͻ$1àɈ$+ 
 
3tRNA®ˈƸ8̓õàɈ 











 pM70128 2,4-D̲à®ˈƸŉ8Ƅȼ9Ēʟ8 2,4-D̲àiv pEST40118́ͮ
&L̲à®ˈƸŉ6ƜFɬ˞2.+ (Fig. 4-1)+,$pM70128 tfdEICIDIRI8̶;Ǻ










tfdRII3pEST40118́ͮ&L tfdR9Çč˽Ο2 91ɬ˞2.+pM70128 tfdRI
8Çč˽Ο39 728ɬ˞Ȼ2.+pM70128 tfdCIEI3 tfdCIIEII8Çč˽Ο9 tfdE
8Ɯų8 81ÇčPȂ1˞³2.+pM70128 tfdBII9 pM70128 tfdBIpEST4011
8 tfdBĤ; pJP48 tfdBII8Çč˽Ο677J 798ɬ˞ȻPǎ$+ 




8 IS1416（Hasebe et al., 1998）8͔ʙ6ɿƣ&LňK̿$˽Ο6@A˞³8˽Οɿ
ƣ$!8˽Ο8ŀ69Xylella fasidiosa subsp. Sandi Ann-18́ͮ&L IS6058u
if
l404 aa; GenBank accession number; EAO317706ɬ˞5 85 aa8Sz
Ʊ˽Οɿƣ$+pM70128 tfd®ˈƸŉ8͔ʙ6¤ʣ&L tfdBII®ˈƸ8çɴ69
pM7012_repeat A3͚̥+ňK̿$˽Οɿƣ$+!8˽Ο9ʘF8FċEL3
pM70128 29[ǽ6šǲ#M+(Table 4-1)!8 tfdBII®ˈƸ8 10 kb@4ÐΌ69U
s`
l pM7012_repeat A8³/3ŀɌ$1+Fig. 4-1pM7012ȕ69)8































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 pM70128~ɡʇȻ®ˈƸŉ9iv¬Ǌ̯ɅΗ±JǋŕáK6I) 350 kb8
¤ʣ6ɿƣ$Fig. 3-4arsenic resistance transcriptional regulator, arsR; arsenate 
reductase arsC; rsenical resistance operon trans-acting repressor, arsD; 























































































































































































































































































































































































































































































































































































 iv pM70128~ɡʇȻ®ˈƸŉ3 2,4-D̲à®ˈƸŉ8Ĉ69 59 kb8Η±ɿ
ƣ$51ū8 CDSšǲ#M+!MJ8˽Ο9Ē6bz˽Ο8͜J6#M1L
ʂ8 BurkholderiaɻƠĿΛ:ØƔΏĿ3$1̲Ή#M+ CCGE1002ý
（Ormeno-Orrillo et al., 2012）ȡ̱ɂ²ɳȬİɂƠĿPsJNý（Weilharter et al., 2011）
Ĥ; PCB̲àĿLB400ý（Chain et al., 2006）8́ͮ&Lɖȣʅ8ǌ6ʌĄȞ DNA
_v£ə8ʻĠ29ʍ˪ɖȣʅ3ɬ˞Ȼƌ.+pM70128 59 kb8Η±6
L 51ū8 CDS8-27ū9 CCGE1002ý8_vȕ8³[ǽ8Η±8˽Ο6 80
£ȕɬ˞251ū8 CDS8-35ū9̶;Ǻ CCGE1002ý8́ͮ&Lɬ˞5 CDS














ɟɑ_v8³̪3İ6ǟKƑQ,Ö˴Ȼǎ#M+            
 81 
4tRNA®ˈƸ 
 pM7012ȕ6šǲ#M+ 2/8 tRNA͸®ˈƸ8_io
8-tRNA ®ˈƸ_i
o
I9 3/8 tRNA®ˈƸ˽ΟPċC)8˽Ο9Ēʟ8 BurkholderiaɻƠĿ8
CCGE1002ýG STM815ý8́ͮ&L tRNA˽Ο6 85£ȕɬ˞2.+Table 4-3
³ͅtRNA ®ˈƸ_io
II92,4-D̲à®ˈƸŉJ 5.4 kb8¤ʣ6ɿƣ$Fig. 
4-1Ƅȼ&L 36ū8 tRNA®ˈƸ˽Ο9͸	5ƠĿĤ;ŬƠĿ8 tRNA®ˈƸ6ɬ˞
ȻPǎ$+Table 4-3!8 36ū8˽Ο9 20ū8̛ȰSzƱɜ1Pc
v$#J6
³ǡΚ8SzƱ6ʆ$1̯ȷ8 tRNA˽Οɿƣ&LȘƍ2FSqcv8ǯ̯9˭
EJM5.+(Table 4-4)36ū8 tRNA9 4.8 kb8ʫ6 36ū8 tRNA®ˈƸ˽ΟŀɌ



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 4-4 Anticodons and isotypes of tRNAs in tRNA-gene cluster II of pM7012.  
Isotype  Anticodon Counts:     
Ala   : 1   AGC:                           GGC: CGC: TGC: 1       
Gly   : 3   ACC:                          GCC: 1 CCC: 1 TCC: 1     
Pro   : 2   AGG:                        GGG:  CGG: 1 TGG: 1       
Thr   : 3   AGT:                             GGT: 1 CGT: 1 TGT: 1   
Val   : 1   AAC:                            GAC:  CAC: TAC: 1      
Ser   : 3   AGA:                                         GGA: 1 CGA: 1 TGA:  ACT:  GCT: 1    
Arg   : 4   ACG: 1                                            GCG: CCG: 1 TCG: CCT: 1 TCT: 1 
Leu   : 5   AAG:                                         GAG: 1 CAG: 1 TAG: 1 CAA: 1 TAA: 1  
Phe   : 1   AAA:                                         GAA: 1    
Asn   : 1   ATT:                                       GTT: 1     
Lys   : 2   CTT: 1           TTT: 1       
Asp   : 1   ATC:                                         GTC: 1    
Glu   : 1   CTC:              TTC: 1      
His   : 1   ATG:                                         GTG: 1    
Gln   : 1   CTG:               TTG: 1     
Ile   : 1   AAT:                                   GAT: 1 TAT:   
Met   : 2   CAT: 2                       
Tyr   : 1   ATA:                                         GTA: 1    
Supres: 0   CTA:               TTA:     
Cys   : 1   ACA:                                       GCA: 1    
Trp   : 1   CCA: 1                       


















Fig. 4-3 Gene organization of tRNA-gene cluster II in pM7012 and sequence of a part of 
the gene cluster shown by arrow (723 bp). The letters in bold font with underline show 





















+ tfdAtfdBĤ; tfdC¤®ˈƸ8ɜÇč˽Ο͜J65.+B+ 2,4-D̲à6L
ÐΌ8®ˈƸ2L tfdDtfdE Ĥ; tfdF Fŀ͊6ɿƣ&L!3ǎ#M+ɶ-2,4-D
8Āɜ̲à6̛ͽ5®ˈƸɜ1 1/8®ˈƸŉ3$1 pM7012ȕ6ɿƣ&L!3͜J
35.+!MB26RASC ý8 2,4-D ̲à®ˈƸ9̪̲Çč˽Ο$͜J6#M1
J'（Baelum et al., 2010; Cavalca et al., 1999; Suwa et al., 1996; Vallaeys et al., 1999）
͏şĨ2ǼE1RASC e`
8̲à®ˈƸŉ8®ˈƸƄɲǎ#M+pM7012 6
šǲ#M+ 2,4-D̲à®ˈƸŉ8ɜʅ8Ƅɲ9Ēʟ8 2,4-D̲àiv pEST4011Ĥ
; pJP4 8́ͮ&L 2,4-D ̲à®ˈƸŉ8³̪6ɬ˞Ȼƌ.+Fig. 4-1I.1
pM7012 8Ǟͽ5̲à®ˈƸŉ9ˤǐ6Ƅʦ#M+8295Ē6Ƅʦ#M1+®ˈƸ
ŉPǟKƑQ,Ö˴Ȼƌ3ƆJM+pM70128 tfdCEB 9ǯ̯$2/8 tfdCE ˽


















8 tfdB Ĥ; pJP4 8 tfdBII6 78%əų8ɬ˞ȻPǎ$ç̪JǟKƑBM+Ö˴Ȼ3
 86 
pM7012 8 tfdCEB ˽Οǯ̯$+ų6tfdCE @469̛ͽȻƌ5.++EÇč
8ʣăȬQ,Ö˴Ȼ3ƆJM+ɶ-pM70128 2,4-D̲à®ˈƸŉ9ʂ8 2,4-D
̲à®ˈƸŉ3ŵƪ$1Ƅʦ#M+Ö˴Ȼǎ#M+ 
 pM7012 9Ēɿ8 2,4-D ̲à®ˈƸŉPç̪Jòˡ$+3ƆJML³ͅ2,4-D ̲à
®ˈƸŉ8Βɴ6ƌ̢ˏ2šǲ#MLɧˬ˽Ο IS1071  pM7012 8ȕ69šǲ#M5
.+)8+EpM7012 9Ēʟ8 2,4-D ̲àiv39ª5L[xj2̲à®
ˈƸPòˡ$+3ƆJM+IS10719 2,4-D̲à®ˈƸŉ8C5J'ʂ8Ñƍ̱8̲à
®ˈƸŉ8ŀ͊6Fšǲ#MƠĿ8®ˈƸòˡ6ʌ5ͨùPʕ.1L3ƆJM1





ɧˬ¸Ƹintegrative coujugative elements (ICEs)8ĉOKƆJM+2,4-D̲à®
ˈƸŉ8_v˽Ο39ģɴ69CDS 8ŝǲ#M5Η±L)!69pM7012
ȕ6ʃȷɿƣ&LI) 200 bp 8̭̋˽Ο pM7012_repeat_A ɿƣ$+
pM7012_repeat_A8³/9pM70128 tfdBII®ˈƸ8I) 10 kbÐΌ6U`
l
3ŀɌ$1ɿƣ$1+ICE 2LÇÑWx̲àuin Tn4371 
（Toussaint et al., 2003）G_¡ɷƋƱ̲àbzr_SUv ICEclc （Ravatn et 
al., 1998）9I) 200 bp8ňK̿$˽ΟPΒ͔ʙ6́ͮ&L!MJ8 ICE8Us`










 2,4-D ̲àiv3$19ǼE1~ɡʇȻ®ˈƸŉ Tn3 R
8ui
n3$1ŝǲ#M Tn6233 3͚͛$+Tn6233 9S[2~ɡ˳ˏ8̗Ț6ƌ
Ύ~˃Ɖɂ̱ƱÑǻΆo_IK̲Ή#M+~ɡʇȻĿ Leptospirillum ferriphilum 




















































Fig. 4-4 Model for capturing arsenic-resistance transposon Tn6233 and a part of chromid 







































L（Smillie et al., 2010）pM70128I6ɜSzƱPɜ1͡΀&LtRNAṔͮ&L
iv9ʂ69š˔+J5ƜFΚǉ$1LΛ3$1Methylibium petroleiphilum 





















































Fig. 4-5 Domestic shipment of organoarsenic pesticides and 2,4-D granules in Japan. 







































Burkholderia sp. YI23ý8́ͮ&Liv byi_2p (356 kb) Ĥ;̸Ə2̲Ή#M+u
_Xq̲àĿBurkholderia vietnamiensis G4ý8́ͮ&Liv pBVIE01 









































Pͻ+PCR͆å̇#M+（Carattoli et al., 2005; 
Couturier et al., 1988; Gotz et al., 1996）ŀ˰ƠĿ8bzàɈȬQ,ŘÙIKʃ͸
5ivʃȷŝǲ#M˿;͆Pčɞ3$+̲Κ69Ɠ˩ɂ%LI65.+










































 Burkholderia sp. M701ý8́ͮ&Liv pM7012ɜʅ8Çč˽ΟPĒʟ8i
v3̓õ$+3!NWxuqZ̲àĿ Burkholderia sp. YI23ý8́ͮ&L
iv byi_2p356 kb（Lim et al., 2012）Ĥ;u_Xq̲àĿ8 Burkholderia 
sp. G4ý（Nelson et al., 1986）8́ͮ&Liv pBVIE01 (397 kb) (Accession number; 
CP000617)6ƜFƌɬ˞ȻPǎ$+ɬ˞5 CDSPɗ2Ř;SzƱ8ɬ˞Ȼ6
Ê%1)8ɗ6ȣP/+ȲP Fig. 5-16ǎ&B+Fig. 3-48 pM70128ɜʅɰ6byi_2p
3 pBVIE016ɬ˞5Η±PɆ8˹ɗ2ǎ$+byi_2p3 pBVIE018Ĉ9ʆÊ&L CDS
8ɬ˞Ȼ 90£ȕ2L86ʆ$pM70123)M*M8iv29ʆÊ&L CDS
8ɬ˞Ȼ9 50əų2.++,$Ɍƍˈʑ®ˈƸΗ±Ĥ;iv¬Ǌ̯ɅΗ±9
60%əų3ʂ8Η±IKFƌɬ˞ȻPǎ$+byi_2p 3 pBVIE01 8˽Οț̈́9bz
àɈ8³̪3$1ǟˡ#M1Kiv8ˢȻ9͜J6#M15³ͅ
iv3$1IşĨ#M1L Cupriavidus metallidurans CH34ý8́ͮ&LǯŁɻʇ




























































































































































































































































 Ɍƍˈʑ69oU IV ̲̔gisT4SS®ˈƸŉoU IV [r`
sUT4CP®ˈƸĤ;_e
l®ˈƸtraI̛ͽ3#ML（Lawley et al., 2003）
pM7012 69_e
l®ˈƸ6ɬ˞5˽Ο9šǲ#M5.+F iv͸8




s̲àĿMethylibium petroleiphilum PM1ý（Kane et al., 2007）8
́ͮ&Liv RPME01£ə9 pPM1, 599 kbĤ;̠º8āǚIK̲Ή#M+ƀɂ
̱ǖʇȻĿ P. purida H8234ý（Molina et al., 2013）8ɖȣʅ6šǲ#M+)M£ç6
ql̲àĿ Azoarcus sp. EbN1ý（Rabus et al., 2005）8 plasmid 1 (207 kb)Ĥ
;Ψ̠´8ͼȔIK̲Ή#M+ Burkholderia gladioli BSR3ý（Seo et al., 2011）8i




΅ͻ2L!3̈́Ǝ#M1L（Smillie et al., 2010）)!2pM7012Ēʟ8ʋ̞ˁ








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 5-3 Phylogenetic tree of T4CP amino acid sequences from pM7012, the related plasmids, and 
plasmids belonging to the MOB families. Related sequences from chromosomes and ICEs were 
added. Parenthesis after the plasmid name represent MOB group, incompatible group, size, and 
accession number of T4CP. “nd “ indicates no data. The tree was constructed by 
maximum-likelihood analysis using Mega 5 software. Bootstrap values (calculated from 1,000 


































































































































































































wo̲àĿ Pseudomonas putida ND6ý8iv pND6-2（Li et al., 2013）B











parA3 parB8Ĉ6LˇrepA parAĤ; parB8ȕΌ6ģź2ɿƣ&Lˇ2
iv pM7012PċDiv`
8®ˈƸŉ39ª5L!3͜J35.+B
+parS 6ċBMLģͅź̭̋˽ΟP̓õ$+3!NTable 5-1pCAR1 Ĥ; pND6-1






















Fig. 5-4 Gene organization in plasmid maintenance regions of pM7012, other related 
plasmids and a chromosome from strain H8234. Dark gray arrows labeled “A” represent 
parA/sopA genes, gray arrows labeled “B” represent parB/sopB genes, light gray arrows 
labeled “rep” represent genes for replication protein, RepA, and black squares labeled “S” 
represent parS/sopC regions. Labels “h” and “d” on the arrows indicate genes for 
hypothetical protein and diguanylate cyclase, respectively. Numbers under the arrows 
represent amino acid sequence identities (%) between each gene and the corresponding 
gene in pM7012. Accession numbers: plasmid byi_2p, CP003091; pBVIE01, NC_009230; 
pMOL30, NC_007971; H8234, CP005976; pND6-2, NC_018746; pCAR1, NC_004444; 









/ ' 9 :;!















/ ' 9 :;!
#% >$ %#
C 6C























Burkholderia sp. YI23 
Burkholderia sp. G4
Pseudomonas sp. H8234 
Escherichia coli
Cupriavidus metallidurans CH34
Pseudomonas putida ND6 






























Fig. 5-5 Phylogenetic tree of amino acid sequences of plasmid-partitioning ATPase. 
Parentheses after plasmid name represent incompatibility group, MOB group, size of the 
plasmid, and accession number of the sequence. Letters “nd“ represent no data. The tree 
was constructed using maximum-likelihood analysis with software, Mega 5. Bootstrap 
values (calculated 1,000 times) higher than 50 were shown. Blue lozenge shows the 
replicon with the gene cluster for T4CP-T4SS related to those of pM7012. Pinc circle 











































































































































































Table 5-1 Palindrome sequences of centromea region parS/ sopS of pM7012 and related 
plasmids. 





pM7012 TTTTCACSGTGAAAA 15 11  
byi_2p TTTTCACSGTGAAAA 15 9  
pBVIE01 TTTTCACSGTGAAAA 15 9  
pMOL30 TTTCACSGTGAAA 13 6  
pND6-2 TTTTCACSGTGAAAA 15 2  
chromosome of H8234 TTTTCACWGTGAAAA 15 16  
pCAR1 TGGTGCTCGGAGCACCA 17 4  
pND6-1 TGGTGCTCGGAGCACCA 17 3  
F plasmid  TGGGACCACGGTCCCA 16 12  
1) S = C or G, W=A or T, underbars show inverted 
repeat.    
2) The number of sequences those have more than 80% identities to the parindrome 
















































































































































































































































































































































































#M1L（Bugreev & Nevinsky, 2009; de la Cruz et al., 2010; Pansegrau et al., 1993）
B+_e
l69[














$1®ˈƸ8̶;Ǻ3 parS˽Ο8ɬ­8ʂ6Pseudomonas putida ND6ý)M*M
8iv`

























ɅΗ±P̯ȷ́ͮ&Liv̈́Ǝ#M1L（Osborn et al., 2000）͏Ȑ8àɈ6




























ɬ˞2.+S[2̲Ή#M+ 2,4-D̲àĿ B. tropica RASCý6/1F˞͸6ʳ
















9ˈʑͿȺ®ˈƸšǲ#M+（Perez-Mendoza et al., 2005） 
 Ąıʫ8ˈʑȻiv8ʳƙ3$1ivǣͷĿPĄıǅΓ6Ɍǡ$1Ɍƍ









£ȕ8ʌŌ8ˈʑȻiv9̗Ț6ȇ5（Smillie et al., 2010） 
 !MB2šǲ#M1+ 2,4-D̲àiv8ʃ9IncP-1`
6̲Κ#M͸	
5ǰǞ6ƌ̢ˏ2ˈʑ&L2,4-D̲àĿ B. tropica RASCý9̲à®ˈƸ8³/2
L tfdCP 532 kb8ivȕ6́ͮ$（Cavalca et al., 1999）IncP-1iv39
ª5Livȕ6̲à®ˈƸṔͮ&LÖ˴Ȼǎ#M1LB+McGowan et al. 
(1998）9 RASC ýPįͶý3$+ɌƍˈʑǅŢ2ǣͷýʺ̢ˏ2 2,4-D ̲à˴Pò
ˡ$+!3P̈́Ǝ$1L+,$RASC ý8̲à®ˈƸ8ˈʑiv6I.1Ƈ
OM+89͜J6#M15 








 ɌƍˈʑǅŢ8ivįͶý3$1pM70128ǰǞ2L Burkholderia sp. M701
ýĤ; pM70128̲à®ˈƸ˽Ο6@A˞³8˽ΟPI) 600 kb 8ivȕ6Ǌ
/ȴˉͯ΁8 7ý8-iuuUgʇȻPǊ+5 3ýCupriavisud sp. Y103
ý, Burkholderia sp. C308ý, Burkholderia sp. H801ýĤ;S[ͯ΁8 B. tropica 
 110 
RASCýPͻ+RASCý9g\Ǩ΋ʌö8 Terence L. MarsĥƶIK̲ȠPǣ
+ɌƍˈʑǅŢ8ivǣͷý3$19£Ð8 2 ýPͻ+³ý͢93-_¡
ɷƋƱ̲àĿ8ivʒ΃ý Cupriavidus sp. NH9Dý（Ogawa & Miyashita, 1999）
PȆɔʷȭ̂ƶŨ ɇÍʌöĴǤJ̲ȠPǣiuuUg˳ˏPȁ	6ƌE
+Àʅ˿ʠ2ňK̿$˿;&L!36IKƥǲ$+iuuUgʇȻý
Cupriavidus sp. NH9DSýPͻ+˪ ý͢93-_¡ɷƋƱ̲àĿ NK8ý（Francisco 
et al., 2001）8ivʒ΃ý NK82ý6ǐɛ˦ɛ̻ª2iuuUgʇȻP̥Ͷ














įͶĿĤ;ivǣͷĿ)M*M6/ 109 cfuɬ˔P 1͏8q
6ˬM1ƕƍǬ
Ŀ$15 µL8 0.9% NaCl6Ŝʐ$+15 µLɜΖP LBÿ˄̵̌ʫÉ6Ŏ 10 mmʾˏ8
Ä35LIˋ̧$282³̐˿;$+LB ̵̌ȕ6ɱȢ$+ĿʅP̃ŁǏ23
.1ʹE 1.5 mLq
6̲ʮ$1+ 0.9% NaCl 1 mL6Ŝʐ$+!MPǺǌ








iAgarose Type IISigma-Aldrich, USAP˿ʠ8 0.6%ɬ˔ͻL͆ͅ
6̻Ƃ$+ 
 
6.4.2  pM70123˞%̲à®ˈƸ˽ΟPǊ/iv8àɈ 
1PFGE6ILiv8̲Ή 
 ʍƫȐ8M701ý8bz8 PFGEàɈ61ʍ˪Ȑ8xb8¿˝29 DNA̲
Ƹ8̲Ή̛'$Fǭ̲295!3ǎ#M++Eʂ8ý6/1FPFGE àɈPǗ




































   
 113 
Table 6-1a Primers for PCR. 
Target sequence Primer name Primer sequences (5’-3’) 
 
















Table 6-1b Conditions for PCR. 
Target PCR conditions 
parA 94 3 min. 
94 15 sec. 
56 15 sec.    25 cycles 
72 15 sec. 




94 3 min. 
94 15 sec. 
55 15 sec.    25 cycles 
72 15 sec. 
72 3 min. 
 
arsA 94 3 min. 
94 15 sec. 
51 15 sec.    25 cycles 
72 15 sec. 












6.5.2  pM70123˞%̲à®ˈƸ˽ΟPǊ/iv8àɈ 
1PFGE6ILiv8̲Ή 
 ʍƫȐ2ͻ+͆ͅ2PFGE PǗƽ$+3!NpM7012 3˞%̲à®ˈƸ˽ΟPé7
˞%ʌ#8ivȕ6Ǌ/ 7ý8-4ý9DNA̲Ƹŝǲ#M5.+Fig. 
6-1MAFF301724ý29 217 kb8ivṔͮ&L!3̈́Ǝ#M1L（Satuti 
et al., 2000）200 kb̥ŀ6 2͏8|vŝǲ#M4-J 217 kb8iv9̉
ʛ25.+JMP134ý9bzàɈ6IK635 kb3 88 kb8ivṔͮ&L




32įǅýɜ18 DNA|vŝǲ2LI65.+Fig. 6-2aƏ˧ͯ΁8 8ý9
'MF 582 kb̥ŀ6 DNA|vŝǲ#M+RASCý29!8ʌ#8|v9ŝǲ



































































































Fig. 6-2 Pulse-field gel electrophoresis of replicons from 2,4-D-degrading strains (a), and 
Southern hybridization analysis of the replicons using the tfdCpM7012 probe (b), traDpM7012 
probe (c), parApM7012 probe (d), and arsApM7012 probe (e). Lambda ladder (Bio-Rad 
Laboratories, 48.5 kb interval) was used as the marker. Strains; Burkholderia spp. 
strains M701, Y 212, C308, T201, T301, H801, and Ff54, Cupriavidus sp. Y103, and B. 













































































































Table 6-2 Nucleotide sequence similarity (%) between the partial nucleotide sequence of 
the indicated genes in pM7012 of strain M701 and the corresponding sequences in the 
other strains. 
strain 
name tfdC traD parA arsA 
M701 100 100 100 100 
Y103 100 99 99 100 
Y212 100 98 100 100 
C308 100 99 100 100 
T201 100 99 100 100 
T301 100 99 100 100 
H801 100 99 100 100 
Ff54 100 100 100 100 



























36IK̺8Ơ͇6ˈʑ$+!3ŀ˰̈́Ǝ#M1L（Li et al., 2013）ƫ/͢8Ö
˴Ȼ3$1͏şĨ2ͻ+ɌƍˈʑǗŢȜŚpM7012 ͸iv69˂$15










 RASCý9 532 kb8ivȕ6̲à®ˈƸPǊ/ǈ̈́Ǝ#M1+（Cavalca et 
al., 1999）͏şĨ29I) 900 kb8ivȕ6̲à®ˈƸ˽ΟPǊ/3ŘÙ
ˡJM+Cavalca et al. (1999）9ʸȚ8ˊė¿˝2 RASCý8̲àiv8ʌ
#Pŕɹ$1KʌŌ8 DNA ̲Ƹ29ɹʻŴƘʌ.+Ö˴ȻLŨƣ9bz
8àɈJ 635kb2L!3͜J65.1L JMP134ý8ʌŌivF˞ ̈́











v3 RASCý8́ͮ&L 900 kb8iv9˞³8iv6ͯ΁&LÖ˴Ȼƌ
3ƆJM+ŀ˰S[3[wpIK̲Ή$+³Ρ8 2,4-D ̲àĿ（Tonso et al., 
1995）8 tfdA ®ˈƸ˽ΟàɈ#M+ŘÙRASC ý3@A˞%̲à®ˈƸ˽ΟPǊ/ý






8̲à®ˈƸPǊ/Ə˧8 8 ýĤ;S[8³ý9 Y103 ýPȂ
1ɜ1 Burkholderia ɻƠĿ2KpM7012 6ɬ˞Ȼ8ƌiv9ˢ6
BurkholderiaɻƠĿ3ĲŘ;/PǊ.1L3ƆJM+ʍƵȐ8ŘÙIKpM7012
69 Burkholderia8_v6ɬ˞Ȼ8ƌΗ±ɿƣ$tRNA gene cluster I8˽ΟF
BurkholderiaɻƠĿ8˽Ο6ƜFɬ˞Ȼƌ.+B+ʍűȐ29pM70123ƜFɬ˞
 121 








































2,4-D̲àĿ Burkholderia tropica RASCý8̲à®ˈƸ6ɬ˞5®ˈƸȴˉͯ΁8 8
ý2I) 600 kb8ivȕ6ŝǲ#M+!8 600 kb8iv8³/2L












Ĥ;uX˕ʟJMLIncP-1IncP-2IncP-7 Ĥ; IncP-9 8̤ΧƍȻi
 123 
v`














CJM（DiGiovanni et al., 1996; Inoue et al., 2012; Newby et al., 2000; Pepper et al., 2002; 



































（Cheng et al., 2014; 






























1̲Ή#MɄΘˁ6bz8à˥#M1L Burkholderia cepacia complex8Ŀŉ69š
ǲ#M5.+ȴˉJ̲Ή#M+ pM7012͸8iv́ͮ8 8ý8-4ý9 type 










Ȼ®ˈƸ˕Pòˡ$1Ň̇ˁ62F~uͯ΁8 Burkholderia cepacia complex6́ͮ#M
L!335M:ǵĈ6̠ŤȻ8Burkholderia cepacia complex6ˈ˷&LÖ˴ȻL









































ˉˠ̦ şĨ·Õ˘ʷȭ şĨ·ƌĵʡů şĨ·ʁȕſǍ şĨ·ġˉȽɵ şĨ·
Ĥ;ːÎ³ȼ şĨ·6ȩĂǛʤ$B&ǽɻ9˔ǋB+B. tropica RASCýP̲Ƞ
ʶB$+S[g\Ǩ΋ʌö Dr. Terence L. MarshĤ;MarsĥƶPȑÞʶ
B$+ʫÉʌö ȯ͉Ͱ³ ĴǤRizobium radiobacter MAFF301724ýP̲ȠʶB$+
Ϋˉż˲ ̂ƶŨˤ˵Ĺɂ̱ǇŧşĨǽBurkholderia sp. NK82SýP̲ȠʶB$
+ˤ˵ĹĄığǳşĨǽ ƭţĘǗƸ şĨ·6ȥIKĂǛʤ$B&
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